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Ionic strength dependence of glucose binding by yeast hexokinase isoenzymes
The S isoenzymes of yeast hexokinase result from the proteolytic removal of an 11-residue peptide from the N-terminus of P isoenzymes (Schmidt & Colowick, 1973) . They exist mainly as monomers above pH 7 (Schulze & Colowick, 1969) and, consequently, can be studied as monomers at high concentrations and very low ionic strength, I, at which the P isoenzymes dimerize. Recently, Mayes et al. (1982) reported constant values for the glucose dissociation constant, KG, of isoenzymes SI and SII over the I range 0.025 (i.e. in 0.05M-Tris buffer) to 1.025 (buffer plus 1.OM-KCI) at pH8.5 and stated that they are in good agreement with those previously found by Hoggett & Kellett (1976) for the corresponding P isoenzymes in both low and high salt. They asserted that these observations confirm the previous conclusions of the latter that KG of monomeric PII is independent of I, contrary to our later results (Feldman & Kramp, 1978) , and is 5-20-fold smaller than for dimeric PII in the pH range 6.7-8, rather than our estimate of a maximum of 2 for this ratio at pH 8.3.
Actually, there was no previous claim by Hoggett & Kellett that the KG of either P isoenzyme is independent of I. Rather, this was a tacit assumption in the comparison of their KG values of monomeric and dimeric PII, since the monomer's KG was measured at high I (approx. 1.0) at pH 8, whereas the dimer's KG was obtained at very low I(approx. 0.01) and at lower pH, 6.5-7. We contended that such a comparison is invalid, because glucose binding to hexokinase involves a large conformation change (Bennett & Steitz, 1978; McDonald et al., 1979) , which should be dependent on both I and pH (von Hippel & Schleich, 1969 binding by monomeric PII (i.e., only 1.0Lg of enzyme/ml was employed) at very low I, 0.01M, and pH 8 (their Fig. 6d ) and at intermediate I, 0.1 M, and pH 7 (their Fig. 7a ). However, they did not report any corresponding KG values, presumably because the signal/noise ratio in the measurement of the fluorescence for such a small enzyme concentration was much too low to allow reliable calculations. Nevertheless, Mayes et al. (1982) cited the closeness of their SII KG value of 0.30mM with a value of 0.25 mM for PII at low I, provided by the 1 pg/ml curve of the above-noted Fig. 6 (d), as evidence that, as with SII, glucose binding to monomeric PII is independent of I at pH 8. Also, without adducing any relevant KG they stated that the above-mentioned Fig. 7 (a) leads to a similar conclusion for pH 7. We believe that their data do not support these assertions. Whereas we calculate a truly constant KG of 0.21 + 0.01 mM for 80 pg/ml monomeric PII at high I, 1 .0M-KC1, and pH 8 from the first six points of their Fig. 7(c (Darrow & Colowick, 1982) , i.e., to the validity of identifying KG of SII as that of PII at very low I, especially in view of our finding that most of the I effect on PIT occurs at I< 0.1 (see above). Indeed, these results, coupled with our own and those of Mayes et al. (1982) , suggest that the S isoenzymes may be good analogues of the monomeric P isoenzymes only at I> approx. 0. 1, i.e., when the fixed negative charge of the proteolysable residue of a P isoenzyme is Vol. 217 effectively shielded by the positive ion of a salt (Feldman & Kramp, 1978 
Reply
The question at issue between Dr. Feldman and us is whether the ratio of the affinity of glucose for dimeric hexokinase Pll to that of the monomer (Kdimer/Kmonomer) varies from 20 to 5 over the pH range 6.7-8.0 (Hoggett & Kellett, 1976) or is only 2 at the higher pH (Feldman & Kramp, 1978) . If the former were true, then changes in the affinity of hexokinase PII for glucose as a function of ionic strength could be accounted for entirely by changes in the monomer-dimer association-dissociation equilibrium, whereas in the latter case they must be accounted for primarily by substantial changes in the binding properties of the individual species. Thus, within the limits of error, we find Kmonomer to be independent of ionic strength at pH 8.0, whereas Feldman & Kramp (1978) claim that there is a 4-fold decrease in its value as the ionic strength is increased from 0.03 to 0.86 (most of the variation apparently occurring below I = 0. 13). In our original paper (Hoggett & Kellett, 1976) , we presented data on glucose binding to low concentrations (1 ig/ml) of hexokinase PII at pH 8.0 and I= 0.01 (where the enzyme was effectively monomeric) which indicated that Kmonomer was 0.25 + 0.1 mm. This value agrees within experimental error with the corresponding value of Kmonomer at I = 1.0, when the enzyme is dissociated even at high concentrations and consequently measurements can be made more easily. Subsequent work which we have carried out using the Feldman & Kramp (1978) conditions (i.e. 50mM-Gly-Gly, pH8.3) yielded the values of the apparent dissociation constant shown in Table 1 .
We readily acknowledge the problems in analysing data at low enzyme concentration; however we are satisfied from a realistic assessment of errors using non-linear least squares analysis (Mayes, 1980) Feldman & Kramp (1978) . Selective analysis of portions of the curves (Feldman, 1984 ) is, with due respect to Dr. Feldman, not justified by the accuracy of the data.
A serious limitation in the work of Feldman & Kramp (1978) is that data were obtained only at a single enzyme concentration at a given ionic strength. It is well known in analysing interacting systems (e.g. see Gilbert, 1967) that it is important to study a range of concentrations, so that the proportions of monomer and dimer are varied under a given set of conditions. The accuracy of even good data is such that otherwise it is extremely difficult to resolve the properties of the individual species, and hence any change that may occur with variation in the conditions. For this reason our fluorescence measurements spanned a 100-1000-fold range of concentration under each set of conditions. At pH 8.0 (I= 0.01, Fig. 6d) we found that the concentration of glucose at half saturation, KG, changed by a factor of about 5 over such a concentration range, and at pH 7.0 (I = 0.1) the factor was 6; our data at pH 8.3 presented here show a factor of 4 as the enzyme concentration is varied 100-fold. Since in each case I was fixed, the changes can only be explained by changes in the
